Introduction
Chronic Achilles tendinopathy (CAT) can be difficult to treat. Several treatments have been reported to have a positive effect, 1,2 but some cases seem to be resistant to all treatments. In these, platelet-rich plasma (PRP) could be a treatment option. 3, 4 Glucocorticoid injections are widely used, but there is no clear evidence showing this to be a good treatment and, in addition, there is a risk of serious side effects such as tendon rupture. 5 PRP is, in contrast to glucocorticoid, usually extracted from the patient's own blood and the risk of side effects with this treatment is probably considerably lower compared to glucocorticoid injections. Therefore the use of PRP has increased since Goosen et al reported good results treating tendinopathy of the tendon-insertion of wrist extensors on the lateral humerus epicondyle ten years ago (tennis elbow). There is evidence suggesting an induction of healing through an increase in immunoreactivity for types I and III collagen and promotes differentiation of tendon stem cells into active tenocytes. [6] [7] [8] Although both leukocyte-rich PRP (LR-PRP) and leukocyte-poor PRP (LP-PRP) have been used and appear to be "safe" in inducing tendon stem/progenitor cells into active tenocytes, LR-PRP could have a detrimental effect on healing of injured tendons due to the induction of a catabolic and inflammatory effect on tendon cells which could prolong the healing process. Consequently, when LR-PRP is used to treat acutely injured tendons, it could result in the formation of excessive scar tissue, as LR-PRP seems to induce an excessive cellular anabolic effect. 9, 10 In addition, it is commonly accepted that the induction of inflammation by the LR-PRP causes posttreatment pain, for which reason patients are often in need of opioids the first few days after the treatment.
Hence, PRP has a theoretical basis and can, therefore, be considered a possible treatment of CAT, even though the clinical evidence for the use is not clear, 11 and in addition, there is a lack of treatment algorithms and it is unclear which type of PRP is most effective.
The objectives of this study were to assess 1. the apparent "effect" of PRP on CAT and 2. if there is any difference in outcome between LR-PRP and LP-PRP in the treatment of CAT.
study design
The study is a natural experiment/has a quasi-experimental study design, with a short-term (2 months) and long-term (8-42 months) follow-up to assess the outcome and stability of the treatment.
Patients and methods
From mid-2012 to July 2015, 84 patients who had failed to show progress with the "normal" treatment for CAT for at least 6 months were treated with either Biomet's GPS III recovery kit (LR-group, 36 patients) or with Arthrex ACP (LP-group, 48 patients).
In the LR-group, 54 mL of patients' own blood was buffered with 6 mL bicarbonate and centrifuged for 15 minutes at 3,200 U/min. About 5-6 mL of L-PRP was injected with ultrasound control in five different areas of the lesion. According to Biomet, this method results in a thrombocyte concentration that is 9.4 times and a leukocyte concentration that is five times above the basal level.
In the LP-group, 15 mL of blood was drawn in a double syringe, centrifuged for 5 minutes at 1,500 U/min. This produces about 5 mL of plasma, containing thrombocyte concentrations twice above the baseline. The injection technique was the same.
All patients were asked to stop any nonsteroidal antiinflammatory drug treatment from 1 week before until 2 months after treatment. Paracetamol and morphine were tolerated. Nonweight bearing was prescribed for 2 weeks, but free ankle movement was encouraged.
Pain intensity was assessed using a visual analog scale (VAS) score (0-10) at rest and during activity. We measured CAT severity with the Victorian Institute of Sport Assessment Scale (VISA-A). These self-reported outcomes were completed at baseline and 2 months from the start of treatment. Patients were mailed the above questionnaires to assess the long-term follow-up.
If patients did not return the answers within 2 weeks, a telephone call was made to retrieve the missing information through a structured interview.
ethics statement
In Denmark, ethical approval is not necessary for patientreported outcome and questionnaire studies, as per the national guidelines, and the law is as follows: "Notification of questionnaire surveys and medical database research projects to the system of research ethics committee system is only required if the project involves human biological material." 12 analyses Continuous data are reported as means with SDs. Categorical data are reported as counts and percentages. The changes in the VAS pain and VISA-A score between treatments (LR-and LP-groups) were compared using 95% CIs; the change was considered significant if there was no overlap between the CIs. We analyzed the outcome in total and individually for both treatments, considering a 30% lowering of pain using the VAS score and a 30% increase in the VISA-A score to indicate a minimal clinically important change (MCIC). The difference between treatments was analyzed to determine if one of the treatments had more patients reaching the MCIC, using logistic regression with robust standard errors (SEs). Moreover, as a sensitivity analysis, we also explored how the application of 10-point increase in VISA-A impacted Orthopedic Research and Reviews 2019:11 submit your manuscript | www.dovepress.com
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Multivariate analyses were performed using multiple linear and logistic regression with robust SE. Multiple linear regression was used to assess the difference in VAS pain and VISA-A scores between treatments as the continuous variable. Multiple logistic regression was applied to assess the difference in probability of reaching an MCIC using the dichotomized variable of whether the patient reached an important clinical effect or not. In all multivariate analyses, sex and age were included as covariates.
Results
The LR-group consisted of 18 females with a median age of 51.9 (SD 11.6) and 18 males with a median age of 50.9 (SD 7.6). Five patients were treated bilaterally. In the LP-group, there were 27 females with a median age of 53.6 (SD 9.5) and 21 males with a median age of 49.7 (SD 11.7). Fifteen patients were treated bilaterally. A total of 104 Achilles tendons were treated with PRP.
In the LR-group, five patients and 5 of 41 tendons did not reach MCIC 8 weeks after treatment. Pain at rest showed a decline in VAS from 4.0 (95% CI =3.0, 5.5) to 1.1 (95% CI =0.5, 1.8), and pain under activity declined VAS from 7.3 (95% CI =6.7, 7.9) to 3.4 (95% CI =2.5, 4.4) and further to 1.8 (95% CI =1.0, 2.6) at the endpoint (median time 36.9 months, IQR 26-46). VISA-A increased from 45.4 (95% CI =28.6, 62.4) to 56.5 (95% CI =30.2, 82.8)
Nineteen were without pain and eight had recurrences. One had a complication (thrombosis), 27 were satisfied, and 26 replied that they would choose PRP treatment again in case of new tendinopathy. Nine received other treatments after PRP and one was operated. Eleven used morphine after the PRP treatment.
In Twelve were without pain and three had recurrence. No one had a complication, 19 were satisfied, and 11 replied that they would choose PRP treatment again in case of new tendinopathy. Five received other treatments after PRP and eight used morphine.
There was no statistical difference in change of the VAS or VISA-A scores between the patients treated with LP-and LR-PRP. There was a tendency for LR-PRP to have a better outcome, but this did not reach statistical significance (Table 1) .
Minimal clinically important change
The overall probability of reaching an MCIC was 63% for VAS in activity (95% CI =54%, 73%) and 81% for VAS during rest (95% CI =73%, 88%). For VISA-A, it was 61% (95% CI =47%, 75%). The sensitivity analysis showed a probability of reaching MCIC of 59% (95% CI =46%, 73%). There was no significant difference in probability of reaching MCIC between the LR-and the LP-groups. The probability of reaching the MCIC for the LR-group was 68% for VAS in activity (95% CI =54%, 83%) and 88% for VAS during rest (95% CI =78%, 98%). For VISA-A, it was 62% (95% CI =28%, 96%). The corresponding results for LP were 60% (95% CI =54%, 83%), 76% (95% CI =66%, 87%), and 61% (95% CI =46%, 76%). 
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Discussion
We found that PRP may be a promising treatment for CAT when all other treatments have failed. Patients receiving PRP had an 81% probability of achieving an MCIC in pain intensity at rest and 61% probability of achieving an MCIC during activity. Moreover, 63% of patients experienced MCIC in CAT severity. There were no significant differences in pain intensity or CAT severity between patients treated with LR-PRP and LP-PRP. In addition, the sensitivity check showed no significant difference in the proportion of patients reaching the MCIC, but only two patients reached a VISA-A score of >90, which could be recognized as clinical resolution. These results inform future trials evaluating PRP for CAT and assist with effect size and sample size estimation. For example, when using the proportions of patients reaching the MCIC, the sample size calculation for the likelihood ratio test for the number needed to show a statistical difference gave 330 patients for resting pain intensity, 1,146 patients for pain during activity, and 74,336 for the VISA-A score. Thus, it might seem unrealistic to conduct a randomized controlled trial (RCT) when several thousand patients are required in each group to show a significant difference in one of the main outcomes. We used a relatively conservative estimate for the MCIC as PRP treatment, in our opinion, remains experimental. Therefore, we only included patients with symptom duration greater than 6 months who had failed other therapies such as high-load strength training. 13 Although PRP is used widely to treat chronic tendinopathies, it remains unclear which PRP technique is optimal. In particular, the comparative effectiveness of single vs multiple injections and the ideal time intervals between treatment sessions are unknown.
In one pilot study, 14 PRP showed promising effects for epicondylitis. This is in line with two randomized clinical trials reporting the benefit of PRP. 15, 16 Mishra et al 16 undertook a recent multicenter RCT on 230 patients with humerus epicondylitis with a follow-up of 3 and 6 months. They reported that 83.9% of patients benefited from PRP, and recommended that PRP should be given prior to surgery. They found PRP to be safe and less expensive than surgery, but the effect was often seen after >3 months. Long-term pain intensity and symptom severity outcomes at 4.5 years among patients with Achilles tendinopathy receiving LP-PRP are promising. 17 The addition of exercise therapy to PRP may confer additional benefit. Boesen et al reported better outcomes when PRP was combined with eccentric exercises, compared to eccentric exercise alone. 4 This is relevant to the current study results, as all patients underwent a trial eccentric exercise therapy prior to PRP, and we recommend they resume eccentric exercise 14 days after starting PRP treatment.
However, other studies have also found that PRP did not improve healing, pain, or function. Two previous doubleblinded randomized clinical trials reported no differences in clinical outcome between LR-PRP and placebo 18 or between LR-PRP and saline injections and steroid injections for Achilles tendinopathy. 19 Dragoo et al compared LR-vs LP-PRP in an animal model using healthy rabbit patella tendons. They found greater acute inflammatory response 5 days after injection and hypothesized that leucocytes could increase the risk of pain and inflammation. 20 However, it is unclear whether this reaction is harmful or beneficial for tendon healing.
Salini et al 21 compared the VISA-A results of 29 younger and 15 older patients with Achilles tendinopathy and found PRP to be less effective in older patients. The average age of patients in the current study was 52 (range =34-71) in the LR-group and 49 (range =31-68) in the LP-group. Given such large variability, the role of age on treatment outcome in the current study is unclear. It is possible that important differences in tendinopathy exist between different age groups. For example, from a clinical perspective, it may not be reasonable to assume that tendinopathy in an active 30-year-old runner is similar to tendinopathy experienced by a sedentary 70-year-old patient. The impact of age on tendinopathy outcomes will be an important consideration for future research.
Pain with activity is commonly experienced by patients with chronic tendinopathy. In more severe cases, patients can also experience pain at rest. Consistent with our clinical experience, the current study results found the largest improvement in resting pain intensity at 2 months, while improvements in activity-related pain took longer. Additional injections may have accelerated the pain relief, and future studies should seek to identify optimal PRP dosage.
In the short term, 79% of patients benefited from PRP in the LR-group vs 73% in the LP-group. In the long term, 75% of patients in the LR-group vs 61% in the LP-group were satisfied. The proportion of satisfied patients was lower than the proportion of patients with clinically important change in rest; this suggests that it is the loss of activity due to pain rather than only being pain free in rest that is important for Orthopedic Research and Reviews 2019:11 submit your manuscript | www.dovepress.com
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This study was not an RCT to identify the effect of treatment, and the study sample was small. However, we did identify the pain and function outcomes experienced by patients with CAT who underwent two forms of PRP. Further, we used cutoff points for an MCIC, which will inform future studies of PRP. Consequently, our work advances knowledge regarding the treatment of recalcitrant CAT.
Limitations
A limitation of the current study relates to the possibility of systematic error owing to the nonrandom sampling of patients. We recruited patients with recalcitrant Achilles tendinopathy referred to the orthopedic department, and patients were treated by one of two clinicians. Therefore, the external validity of these findings, beyond the study sample, is uncertain. Additionally, there is a risk of recall bias with respect to the outcome measures. Finally, these findings require replication, and the effectiveness of PRP should be further tested with robust clinical trials prior to confident clinical implementation.
Conclusion
We found that a clinically important effect of PRP treatment was achieved in 61%-81% of patients with recalcitrant CAT, depending on outcome. In addition, we compared two different PRP products, an LR-PRP and an LP-PRP, in the treatment of patients with chronic, recalcitrant Achilles tendinopathy. We found no statistically or clinically important differences in pain intensity or CAT severity between LR-PRP and LP-PRP.
